Introduction
============

The majority of children around the world grow up in bilingual families or countries, acquiring more than one language at a time ([@B25]). Despite being exposed to a more complex language situation, bilingual children succeed in the task of simultaneously learning their two native languages and pass the language development milestones at roughly the same ages as their monolingual peers ([@B12]). However, this does not mean that language acquisition proceeds in exactly the same way in mono- and bilingual children. When discriminating phonetic contrasts present in only one of their languages, bilinguals usually succeed as monolinguals ([@B10]; [@B61]; [@B2]; [@B62]), although a U-shaped curve not observed in monolinguals has been found for bilingual infants in some studies ([@B8]; [@B55]). In some language-related tasks, bilingual infants have shown an advantage over monolinguals at both 10 months ([@B22]; [@B5]) and even 7 months of age ([@B38]). These data suggest that hearing two different languages provides bilingual infants with greater experience in processing a more variable input and develop cognitive flexibility in both linguistic and non-linguistic tasks.

While previous studies focused on early development of segmental phonology in this population, very little is known regarding how prosodic properties are processed and acquired by very young bilingual infants. The present study therefore explored how simultaneous bilingual infants acquire fundamental prosodic properties of their two native languages when these languages differ in the realization of lexical stress. Prior to presenting this work, we review what we know about early prosodic acquisition in bilingual infants compared to monolingual infants. At present, the bulk of the available data relates to early language discrimination or recognition, and processing of stress patterns.

Monolingual infants have been found to recognize their native language at birth ([@B41]; [@B44]). Moreover, both newborn and 2-month-old monolinguals can discriminate languages only if they differ by their rhythmic properties ([@B13]; [@B45]; [@B12]), while 3.5- to 5-month-old monolinguals can discriminate their native language from rhythmically similar ones ([@B47]; [@B11]; [@B43]). Similarly, bilingual newborns prefer to listen to both of their languages over a rhythmically different one, and can discriminate them if they have different rhythms ([@B12]). By 3--5 months of age, they can discriminate their two native languages if they are rhythmically similar ([@B7]; [@B43]). While some fine-grained differences in shift latencies and overall listening times ([@B7]) suggest that bilinguals might attend to their native languages differently than monolinguals, bilinguals appear to have highly similar language discrimination and recognition abilities as monolinguals, probably based on the processing of prosodic properties at the utterance level.

Regarding the processing of more local prosodic properties, several studies have compared stress pattern discrimination in French- vs. Spanish- ([@B59]; [@B1]) or German-learning ([@B21]; [@B29]; [@B5]) monolingual infants. While lexical stress is found in most languages of the world, including Spanish, German, English, and Dutch, French does not use stress contrasts at the lexical level. However, French has fixed phrasal-final stress which is mostly marked by a lengthening of the phrase-final syllable ([@B26]; [@B15]; [@B32], [@B33]). Moreover, stress is not realized acoustically in the same way in all languages: for example, duration appears to have a more important role in prosodic phrasing in French than in German ([@B20]); and both F0 and intensity are reliably higher for a syllable that has phrasal stress in German, while they can be dissociated in French ([@B63]; [@B48]). The fact that French only has phrase-final stress appears to have an impact on stress pattern discrimination by French-speaking adults: compared to both Spanish and German adults, French speakers show a reduced sensitivity to stress (that has sometimes been called "stress deafness") when processing either words presented in isolation ([@B16], [@B17]) or continuous sequences made up of nonsense syllables or nonlinguistic sounds ([@B4], [@B3]; [@B6]). This reduced sensitivity in French adults (which does not prevent them to use phrase boundaries as cues for segmentation, [@B42]) is particularly marked when the stimuli presented are characterized by speaker or segmental variability, suggesting that crosslinguistic differences emerge in experimental contexts in which the stimuli need to be processed at a phonological level, rather than at an acoustic or phonetic level.

When are these crosslinguistic differences set into place? Are infants growing up with different linguistic backgrounds differentially sensitive to stress patterns depending on whether they can process that information at the phonetic level (when presented with stimuli lacking segmental variability), or whether they have to process it at the phonological level (when presented with stimuli containing segmental variability)? Accordingly, previous studies tested infants in two different conditions. In the no segmental variability condition, infants were presented with different tokens of a single item (e.g., /gaba/) recorded either with a stress-initial (trochaic) or stress-final (iambic) pattern, allowing for discrimination based on lower-level acoustic properties. In the more challenging (segmental variability) condition, infants were presented with lists of segmentally different items (e.g., /datu/, /sapi/, /kiba/, /nuki/..) recorded with either a trochaic or an iambic pattern, such that discrimination was only possible if infants could abstract and generalize the stress patterns over segmental variability.

For monolingual infants, and in the absence of segmental variability, discrimination was found in Italian newborns ([@B53]), English-learning 1- to 4-month-olds ([@B60]), German-learning 4-month-olds (electrophysiological data: [@B21]; behavioral data: [@B27]), and Spanish-learning 6-month-olds ([@B58]). Importantly, it was also found in French-learning infants from 4 to 10 months of age ([@B21]; [@B29]; [@B59], [@B58]). This establishes early stress discrimination abilities in the absence of segmental variability that appears to be independent of native language experience. However, French-learning infants' sensitivity to lexical stress declines between 6 and 10 months of age. While at 6 months, they could discriminate stress patterns following a 1-min familiarization with one pattern, at 10 months they needed 2 rather than 1 min of familiarization ([@B29]; [@B59]; [@B5]). Thus, at 10 months, French-learning infants require more time to identify stress patterns, a developmental path reflecting early language-specific reorganization probably leading to the "stress deafness" found in French adults ([@B16], [@B17]; [@B4], [@B3]; [@B6]).

Still for monolingual infants, what do we know about stress pattern discrimination in the presence of segmental variability? Such ability seems limited in young infants. Indeed, newborns were found to discriminate stress patterns when presented with lists of words varying on consonants ([@B53]) but not when the words varied on both consonants and vowels ([@B52]). Early limitations were further attested by Spanish- and French-learning 6-month-olds' difficulty at discriminating stress patterns when presented with lists of segmentally different words ([@B58]). Discrimination of stress patterns across segmentally varying words were found later in development, at 9 months in Spanish-learning infants, and at 8 and 12 months in English-learning infants ([@B59], [@B57]). Importantly, such discrimination abilities appear to be modulated by the native language: French-learning 9 to 10-month-olds failed to discriminate, thereby showing that they cannot process stress patterns across multiple segmentally varied items, whereas they can do so in tasks using only one item ([@B59]; [@B1]).

As for bilingual infants, only two studies explored stress pattern discrimination in either the absence ([@B5]) or the presence ([@B1]) of segmental variation. Given the earlier studies on monolingual infants showing that sensitivity to lexical stress changes during development as a function of the prosodic characteristics of the native language, these studies explored prosodic acquisition in bilingual infants learning two languages with different lexical stress pattern systems. In both studies, 10-month-old bilingual infants learning French (a language lacking lexical stress contrasts) and a language that has variable lexical stress (from a set of about 15 different languages) were found to discriminate stress contrasts, and to perform better than French-learning monolinguals of the same age. These findings thus establish that the presence of a second language with variable lexical stress maintains sensitivity to lexical stress in these bilingual infants learning French. This stress pattern discrimination in bilinguals was found in the absence as well as in the presence of segmental variability in the stimuli. Moreover, in these two studies, none of the bilingual infants were learning the language in which the stimuli had been produced (German for [@B5]; Spanish for [@B1]), demonstrating that these discrimination effects are not just based on the recognition of the exact acoustic cues used in their second language to mark lexical stress, but that they possibly reflect the sensitivity to abstract stress patterns.

These two studies also explored the effect of language dominance, in order to determine whether infants who receive less French input and more of the languages with lexical stress have better stress discrimination abilities. In [@B5], stress pattern discrimination was significant in the subgroup of infants dominant in the languages with lexical stress (receiving 70--80% of their input in these languages) but was only marginal in the balanced bilinguals (receiving 40--60% of their input in both languages), suggesting an effect of language dominance. However, in [@B1], no effect of language dominance was found: first, discrimination performance did not differ for French-dominant (hearing French 60 to 70% of the time in their input) versus not French-dominant infants (hearing French only 30 to 50% of the time), and second, there was no correlation between performance and percentage of German heard. Taken together, the two studies reveal only a weak impact of language dominance on prosodic processing, at least for discrimination abilities, suggesting that already a limited amount of exposure to a language with lexical stress allows the maintenance of discrimination abilities. Would the same hold for the acquisition of a prosodic property (namely the predominant stress pattern of words in the native language) that requires not only to discriminate stress patterns but also to conduct distributional analyses on the relative frequency of each pattern within the input?

In monolinguals, early language-specific developmental changes have been found. This was revealed by the emergence of a preference for trochaic over iambic items lacking segmental variability in German-learning infants between 4 and 6 months of age, the trochaic pattern being predominant in German (and English), while such bias was not found in French-learning 6-month-olds ([@B29]). Still in monolinguals, but using lists of segmentally varied words, a trochaic bias was found to emerge in English-learning infants between 6 and 9 months of age ([@B34]). However, a different pattern was found for Spanish ([@B51]), a language with a relatively balance of trochaic (60%) and iambic (40%) words, but in which stress assignment is related to syllabic structure (95% of CVC.CV words are trochaic; 93% of CV.CVC words are iambic). Presented with lists of segmentally varying words, Spanish-learning 9-month-olds showed no stress pattern preference for CV.CV words, a trochaic preference for CVC.CV words and an iambic preference for CV.CVC words. Taken together, these results show that after 6 months of age, monolingual infants learning a language with variable lexical stress have learned the predominant stress pattern of their native language (and its link to syllabic structure). These findings further suggest that recognizing this pattern becomes more efficient in the following months, allowing infants to abstract the stress pattern from segmentally varying strings. On the other hand, monolingual infants learning French appear not to develop a trochaic bias, as no such bias is present in their linguistic input.

The above acquisition pattern thus raises the question of whether and when bilingual infants learning French and a language with a predominant lexical stress pattern develop a preference for that predominant pattern. The present study explored this issue, extending [@B29] to French/German bilingual infants, in order to determine whether by 6 months of age, these infants have a trochaic bias when listening to German stimuli in the absence of segmental variability, as has been found for their German- but not their French-learning age mates. The present study also asked the question of whether language dominance modulates this effect, by exploring whether the size of the trochaic preference is related to the relative amount of German heard, as estimated through parental language reports.

Experiment
==========

Methods
-------

### Ethical Statement

This study was authorized by the ethics committee "Comité de Protection des Personnes Ile de France II" (decision 2011 06).

### Participants

Twenty-four French/German 6-month-olds (*M* = 6;6; range: 6;00--7;4; 16 girls and 8 boys), were tested in Paris. All participants were born full term, without apparent health problems. They were recruited from birth-lists obtained through the Paris city hall archives and from the "CAFE bilingue," an association for the promotion of bilingual education. Informed written consent was obtained from all parents. The infants' relative exposure to their two languages, both within and outside (e.g., extended family, caregivers and friends) the nuclear family, was measured using the Language Exposure Questionnaire ([@B7]). Only infants exposed to both French and German between 30 to 70% of the time, and to no other languages, were included in the study. Mean exposure to German was 53.7%. Two additional infants were tested but did not complete the experiment due to fussiness.

### Stimuli

The stimuli were those used in [@B29]. They consisted of CVCV /gaba/ sequences, stressed either on the first syllable (trochaic pattern) or on the second syllable (iambic pattern). Several tokens of each stress pattern were recorded by a German female native speaker. The first syllables of the trochaic sequences had a mean duration of 283 ms (*SD* = 20.8), the second syllables of the trochaic sequences one of 308 ms (*SD* = 25.0). The analysis of pitch revealed an average of 195 Hz (*SD* = 3.9) on the first and 163 Hz (*SD* = 15.9) on the second syllables. The first syllables of the iambic sequences had an average duration of 173 ms (*SD* = 11.0) whereas the second syllables had a mean duration of 430 ms (*SD* = 21.2). The average pitch of the first syllables was 186 Hz (*SD* = 5.2), that of the second syllables 183 Hz (*SD* = 5.9).

Again following [@B29], the tokens were used to create six files for each stress pattern that differed in the order of presentation of the different tokens, the tokens in a file being separated by pauses of about 600 ms. The trochaic speech files contained 16 tokens and had an average duration of 18.39 s (range: 18.28--18.51 s) and the iambic files contained 15 tokens and had an average duration of 18.01 s (range: 18.00--18.07 s). The difference in number of tokens per file is due to the fact that the iambic bisyllables had a slightly longer average duration (603 ms) than the trochaic bisyllables (591 ms).

### Procedure, Apparatus, and Design

We used the Headturn Preference Paradigm (HPP) as introduced by [@B28]. The procedure, apparatus and design were the same as for the monolingual French infants in Experiment 3 of [@B29].

The experiment was run by a Dell Optiplex computer. During the experimental session, the infant was seated on the lap of a caregiver in the center of a test booth. The caregiver listened to music over headphones to prevent influences on the infant's behavior. Furthermore, he or she was instructed not to interfere with the infant's behavior during the experiment. Inside the booth, three lamps were fixated: a green one at the center wall, and red ones at each of the side walls. Directly above the green lamp on the center wall was a hole for the lens of a video-camera. On the inside of the test booth, two loudspeakers (SONY xs-F1722) were mounted just below the red side lamps. Each experimental trial started by the blinking of the green center lamp. When the infant oriented to the green lamp, this lamp went out and one of the red lamps on a side wall started to blink. When the infant turned her head toward the red lamp, the speech stimulus was presented from the loudspeaker on the same side as the blinking red lamp. The trial ended when the infant turned her head away for more than 2 s, or when the end of the speech file was reached. If the infant turned away for less than 2 s, the presentation of the speech file continued but the time spent looking away was not included in the total listening time.

The first two speech files -- one of the trochaic and one of the iambic pattern -- served as warm-up trials and were not included in the data analysis. The remaining 12 experimental speech files were presented in random order. The duration of each experimental session lasted approximately 3--5 min.

Results
=======

As for the experiments in [@B29], all individual orientation times exceeding 18 s were reduced to 18 s; two trials were cut off, accounting for 0.7% of all trials. Mean orientation times for each of the two rhythmic patterns were calculated for each infant. On average, infants oriented for 8.68 s (*SE* = 0.45) to the trochaic sequences and for 7.43 s (*SE* = 0.42) to the iambic sequences (see **Figure [1](#F1){ref-type="fig"}**). This difference was significant, *t*(23) = 2.43, *p* = 0.02, two-tailed, Cohen's *d* = 1.01, large effect. Sixteen of the 24 infants had longer orientation times to the trochaic than to the iambic sequences. In order to evaluate whether the size of the trochaic bias was influenced by infants' amount of exposure to German, the difference in orientation times for trochaic minus iambic stimuli was correlated with their percentage of German input. No significant correlation was found, *r* = --0.12, *p* = 0.58.

![**Mean orientation times (s) to the trochaic and iambic stimuli in 6-month-old infants: monolingual French and German from [@B29] and French/German bilinguals from the present study**.](fpsyg-07-00210-g001){#F1}

Discussion
==========

The aim of the present study was to evaluate the emergence of a trochaic bias in simultaneous French/other language bilinguals, given prior evidence that such a bias emerges in several stress-based languages (German, English), but not in French ([@B34]; [@B29]). Our study used the exact same procedure and German stimuli as [@B29], which had found the emergence of a trochaic bias in monolingual German-learning infants between 4 and 6 months, but no preference in monolingual French-learning infants at 6 months. In this context, the finding of a trochaic preference in French/German bilingual 6-month-olds establishes for the first time that there is no delay in this area of prosodic acquisition for this bilingual population compared to German-learning monolinguals. Moreover, the fact that performance was not affected by the relative amount of exposure to the two languages suggests that even 30% of exposure to German is enough for bilingual infants to develop a trochaic bias that can be used when processing German stimuli.

In our previous studies, we had found that at 10 months of age, bilingual infants learning French and a language with lexical stress do not show the same decline in their sensitivity to stress contrasts than monolingual French-learners, and that they remain sensitive to such contrasts in contexts either lacking ([@B5]) or incorporating ([@B1]) segmental variability. This sensitivity to stress information constitutes a prerequisite to be able to process lexical stress information in their speech input, and thus be able to discover the predominant lexical stress pattern of the languages spoken in their environment. Taken together with the current findings, this suggests that bilingual infants' exposure to one language with lexical stress not only maintains sensitivity to this dimension but also provides them with a basis for learning its predominant prosodic pattern without any delay compared to monolinguals.

These findings, however, do not necessarily mean that French-"lexical stress language" bilinguals will process prosodic information as well as "variable stress language" monolinguals later in life. Indeed [@B18] found that simultaneous French--Spanish bilingual adults had stress processing performance that fell in between that found for Spanish- and French-learning monolinguals. Moreover, specific experience with an L2 with variable stress was found to increase performance in a task in which French speakers learning an L2 with variable lexical stress were judging whether syllable sequences were heard as made up of trochaic or iambic syllable pairs ([@B6]) but not when they had to discriminate pairs of syllables with different stress patterns ([@B19]). Whether these differential effects are due to linguistic differences (e.g., in the L2 learned -German versus Spanish-, or the level of processing taped by the experimental task used utterance vs. word) or the way experience with L2 was evaluated (see [@B6], for more detailed discussion) will need to be further explored. Such future studies will help specify the circumstances in which these early prosodic acquisitions in bilingual infants will (or will not) translate into efficient prosodic processing in adulthood.

Relatedly, one intriguing aspect of the present findings is the lack of an effect of the relative language exposure. Indeed, in our study, infants were hearing between 30 and 70% of German according to our estimation using a detailed language questionnaire. This means that only hearing 30% of German was apparently enough for these bilingual infants to acquire a trochaic bias at around the same age at which monolingual infants with a 100% of exposure to German show this bias. How can we reconcile these findings? First, it should be noted that little is known about the impact of language dominance on early language processing and acquisition. To the best of our knowledge, only one study explored the role of dominance for the processing of segmental information, and more precisely the acquisition of the phonotactic properties of the native language ([@B54]). They found that both Catalan-learning monolingual and Catalan-dominant Catalan/Spanish bilingual 11-month-olds had learned phonotactic properties of Catalan, while a similar but non-significant effect was found in Spanish-dominant Catalan/Spanish bilinguals of the same age, suggesting a weak dominance effect. For prosody, our two previous studies on stress pattern discrimination by 10-month-old bilinguals also revealed little to no effect of language dominance. Indeed, no impact of language dominance was found when using stimuli with segmental variability ([@B1]). Moreover, the only marginal discrimination effect for the more balanced French/German bilinguals tested with materials lacking segmental variability compared to the significant effect of the German dominant bilinguals ([@B5]) may reach significance by increasing statistical power when testing a higher number of infants. Overall, the existing evidence so far does not provide strong evidence that language dominance has large effects on infants' speech processing and their early phonological development.

So how could bilingual infants learn phonological properties of their native language at the same age as their monolingual peers, even though they very likely receive less input in each of their languages? One possibility is that the acquisition of linguistic properties requires not only a certain amount of exposure (and in the present case, 30% or more of German would be enough for bilinguals to get enough input), but also a certain amount of exposure time over development in order to detect and learn properties of the native language. This duration of exposure factor might be related to the need for some flexibility in acquisition (in order not to learn too quickly erroneous properties, or to be able to unlearn an acquired property if it happens to be erroneous). It might also be linked to the need for certain neural networks, linguistic or cognitive abilities, to be set into place or reach a certain maturation level before phonological acquisition can take place. While this hypothesis would need to be tested empirically, note that it might be indirectly supported by data showing that while 6- and 8-month-old infants can learn a new consonant contrast in 2 min in the lab ([@B40]), it takes them around 8--10 months to learn native consonant categories in the real world ([@B64]; [@B39]), time during which they probably accumulate much more input than in the [@B40] experiment. In this perspective, it would mean that the 30--70% of German input that our bilingual infants are receiving in the 6 first months of their lives is enough for them to learn that German words are predominantly trochaic. Note that this possible importance of duration of exposure might be more relevant for the acquisition of phonological properties than the acquisition of the lexicon, a domain of acquisition in which clear effects of quantity of input have been found ([@B31]), although certainly much more work on this issue will be needed, in both monolingual and bilingual populations.

A second reason for why our French/German bilingual infants were able to specify the predominant stress pattern of German within the same timeframe as German-learning monolinguals, related to bilingual acquisition *per se*, could be that bilingual infants have enhanced cognitive abilities, possibly as a result of hearing two languages at the same time. These enhanced abilities would allow them to learn properties of their native language more rapidly and with less input than needed by monolinguals. Evidence for such advantage has been found in early development, at 18 months of age in memory generalization studies ([@B9]), at 7 months in tasks requiring the acquisition of new linguistic rules ([@B38]), or at 6 months of age in studies measuring visual habituation as an index of efficiency in stimulus encoding ([@B56]). However, some authors have recently argued that the strength of this cognitive advantage in bilinguals remains to be confirmed, and its neural/cognitive bases specified ([@B14]). Future studies will then have to continue exploring these early language dominance effects, keeping in mind the difficulty of evaluating language input, and thus possibly using recording tools such as the LENA system ([@B50]) to quantify language dominance more objectively than by relying on parental reports.

The present findings also raise several questions regarding the specificity and generality of the prosodic acquisition trajectory found in our bilingual population. First, future studies should explore how the link between the prosodic properties of the two languages in acquisition impacts the developmental pattern that we uncovered. In the present case, French/German bilingual infants have to learn that one of their languages does not have lexical stress, while the other one has variable but predominantly trochaic lexical stress. The learning situation might be different, and lead to a different developmental trajectory, for infants learning two languages that both have lexical stress, but in different positions within the words (that is for example, word-initial vs. word-final). This situation could constitute a more difficult acquisition context that might lead to delayed acquisition since infants would have to learn two different stress pattern assignment rules, rather than just one. Indeed, it remains to be determined whether some variation in the developmental trajectory related to early bilingual exposure can be found for the acquisition of prosodic properties, as has been found for the acquisition of segmental properties (e.g., [@B8]; [@B55]). Second, if the bias observed in the present study results from the acquisition of a language with trochaic lexical stress (German), then it should be observed in French/other language bilinguals if and only if their other language gives rise to a trochaic bias. In order to explore this prediction, we are in the process of testing bilingual infants, all learning French and a language other than German, separating these bilinguals depending on whether their second language would result in the acquisition of a trochaic bias or not.

Third, it will be of interest to determine whether the trochaic bias found in French/German bilingual 6-month-olds in the present experiment only applies to German stimuli, or whether it would also be found if such bilinguals were presented with stimuli that have segmental properties typical for French but not for German. Since infants theoretically can discriminate French and German from birth as these two languages have different rhythms ([@B41]; [@B45]), they should be able to learn separate properties of these two languages and use them in language-appropriate ways already at 6 months of age.

Conclusion
==========

The present study establishes the acquisition of a trochaic bias in French/German bilingual infants at 6 months of age, the same age at which this prosodic development has been found in monolingual infants ([@B29]). This first study exploring the acquisition of a prosodic property by bilingual infants thus establishes that this acquisition is not delayed by bilingualism. Following up on this, it will be of interest to further explore the specificity of this developmental trajectory (as discussed above), and also its scope, in particular whether the acquisition of the trochaic bias in these bilingual infants will have implications at higher levels of linguistic processing. More specifically, it will be of interest to explore word form segmentation abilities in bilingual infants given evidence that the emergence of word form segmentation abilities is language-specific in monolingual infants, being based on the stress pattern in trochaic dominant languages (for English and Dutch: [@B35]; [@B36], [@B37]) but on the syllable in French ([@B46]; [@B23], [@B24]; [@B49]).
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